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Green infrastructure plays a vital role in regulating urban microclimate, 
especially reducing the adverse effects of heat.
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The compounding effects of climate change and rapid urbanisation cause cities to heat up. Metropolitan 
Sydney is no exception to this trend. Today, the population of Cumberland Council in the central region of the 
Greater Sydney Basin already experiences extreme summer temperatures and heatwave conditions on an 
annual basis. Climate predictions point toward further increasing summer heat. These conditions represent a 
serious threat to the quality of life, public health and economic prosperity of the community. 
Air temperature in complex urban 
terrain can vary. A large proportion of 
this variation originates from differences 
in thermal characteristics of materials 
that together make up the terrain. While 
roads and buildings can lead to higher 
temperatures in urban landscapes, trees 
and other green urban infrastructure can 
provide cooling. Hence, depending on 
the type, make and proportion of urban 
infrastructure (e.g. grey, green, blue), air 
temperatures will vary. Until now, the 
magnitude of air temperature variation 
among suburbs within the Cumberland 
Council Local Government Area (LGA) 
remained unknown.
Here, we report on microclimatic variation 
across this LGA. During the summer of 
2018/19, more than 1.4 million individual 
measurements of air temperature were 
recorded at 97 locations in and around 
the LGA. These data were used to (1) 
generate the first microclimate maps 
for Cumberland Council, (2) assess the 
spatio-temporal dynamics of heatwaves in 
the area and (3) develop a ranking matrix 
for the microclimate under street trees. 
An additional 104,000 measurements 
of air temperature were recorded at 
nine locations in the LGA of Bayside to 
contrast summer heat between coastal 
and landlocked suburbs in the Greater 
Sydney Basin. 
Between 20 December 2018 and 28 
February 2019, average air temperature 
across the Cumberland Council LGA was 
24.7°C. Absolute maximum and minimum 
temperatures were 45.2°C (Wyatt Park, 
Lidcombe) and 11.3°C (Everley Rd, Chester 
Hill). Summer daytime air temperatures 
(10am – 6pm) differed on average by 
6°C across the LGA. During days of 
extreme heat (greater than 38°C), these 
differences frequently become more than 
10°C. A cool change following a day of 
extreme heat (5.30pm – 6pm, 31 January 
2019) generated an absolute temperature 
difference of 20°C between locations in 
Lidcombe (43.3°C) and Granville (23.5°C). 
We were able to record extreme heatwave 
events at high spatio-temporal resolution 
and analysed the distribution of heat 
across the LGA. These analyses resulted 
in a set of novel microclimate maps. 
Our heatwave maps clearly identify 
a reoccurring pattern with an east-
west gradient from cooler to hotter air 
temperatures. This knowledge can be 
used to advertise Cool Zones in Auburn 
(e.g. Botanic Gardens, parks along Duck 
River), Lidcombe and Rockwood. At the 
same time, this refined understanding 
of extreme conditions in the west of the 
LGA allows development of improved 
strategies for emergency response during 
heat waves. 
The Bureau of Meteorology does not 
operate an official weather station in the 
LGA, markedly limiting our understanding 
of suburb-specific temperature dynamics. 
During the summer of 2018/19, the nearest 
official weather station at Sydney Olympic 
Park recorded maximum air temperatures 
>35°C during 10 days and >40°C 
during one single day. In contrast, our 
measurements documented that across 
the LGA hot and extreme air temperatures 
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occurred more frequently (i.e. 41 days 
>35°C, 19 days >40°C). Thus, people living 
across the LGA are exposed to more 
extreme heat than previously known. 
Based on these data, it becomes clear 
that vulnerability of local communities 
against heat is a critical issue that can 
now be addressed at a suburb-to-suburb 
and even street-to-street level.
This study documents systematic trends 
in the relationship between cooling 
benefits and characteristics of different 
tree species. Overall best cooling was 
achieved under tall trees with dense 
canopies. However, detailed statistical 
analyses revealed that the most 
effective way to reduce peak daytime air 
temperature would be to increase height 
of young trees. Although the observed 
mean differences in summer temperatures 
under trees of different height are small 
(<1°C), absolute differences in daily 
maximum temperatures can be as large 
as 5-6°C under tall (cooler) compared to 
short (warmer) trees. Additional research 
is necessary to better understand and 
harness species-specific cooling benefits. 
This information can guide selection 
processes for landscape plantings and 
support initiatives that aim to increase 
resilience against urban heat. 
Summer daytime temperatures, and 
particularly those measured during 
heatwaves, were significantly lower across 
the coastal LGA of the City of Bayside 
compared to Cumberland. Across all 
measurement locations, mean maximum 
air temperatures were 2°C cooler at 
Bayside. Due to pronounced cooling 
during the evening, however, mean 
nighttime temperatures were lower at 
Cumberland Council LGA.
This new understanding of heat across 
the LGA of Cumberland Council is based 
on empirical evidence, making results 
pertinent and applicable. Analyses 
provided here offer real-world information 
to better plan, prepare and respond to 
increasing urban heat in the future.
Based on the findings of this research 
and further increases of extreme heat in 
the near future, the following actions are 
recommended for Cumberland Council to 
pursue:
1. In the wake of summer, promote 
publicly accessible Cool Zones in the 
eastern suburbs of the LGA (Auburn, 
Lidcombe and Rockwood).
2. Develop strategies to activate Cool 
Zones during hot summer evenings - 
it is at that time when the public is 
exposed to  Urban Heat Island Effects. 
3. Concentrate tree plantings in suburbs 
with high mean summer temperatures 
(Merrylands, Granville, Wentworthville), 
as greater thermal benefits can be 
expected. 
4. Develop strategies to improve growth 
of short trees; statistical analyses 
indicate that the greatest temperature 
reductions can be generated when 
allowing trees <10m height to become 
10-20m tall.  
5. Generate a Heat Vulnerability Index by 
merging heat and census data (age), 
as the elderly are at high risk to suffer 
from heat.
6. Communicate suburb-based 
vulnerability indices with emergency 
services to potentially reduce response 
times during heatwaves.
7. Use microclimate maps to 
communicate heat (and introduce Cool 
Zones); this can increase community 
awareness about the high level of 
vulnerability to extreme heat. 
8. Form a cross-council Heat Task 
Force that works on developing and 
implementing strategies to mitigate 
heat across the LGA. 
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1. BACKGROUND
Cumberland Council is located south of Parramatta in the geographical centre of the Greater Sydney Basin 
on the eastern coastline of Australia (Fig. 1). The area has a rich pre- and post-colonial history. The land upon 
which the suburbs of the council area were built has been home of the Dharug people for more than 60,000 
years. Today, cities, towns and landscapes across the Greater Sydney Basin are transforming rapidly to the 
Metropolis of Three Cities (Greater Sydney Commission, 2018). Due to its proximity to Parramatta CBD, the 
Flemington Markets and more general transport infrastructure, Cumberland Council is expected to play an 
important role as part of the Central River City.
FIGURE 1: Location of Cumberland Council LGA in the Greater Sydney Basin.
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1. BACKGROUND
The Sydney Basin is heating up. 
Two sources are responsible for this 
concerning trend: global warming 
and local, climatically-unbalanced 
urbanisation (United Nations 2016). 
Resulting Urban Heat Island Effects 
(UHIE) have been confirmed for 
metropolitan areas across the Sydney 
Basin (Santamouris et al., 2017) and many 
other cities around the world (Peng et al., 
2012).
Since 1910, mean surface temperatures 
across Australia have increased 1°C, 
with an accelerating trend in past 
decades. This widespread trend of 
warming leads to a higher frequency 
of heatwaves, extreme summer heat 
and also less nighttime cooling (Bureau 
of Meteorology, 2018). Long-term 
temperature analyses show that extreme 
monthly maximum temperatures across 
Australia increased from 2% (1951-1980) 
to 12% (2003-2017)1. The same trend can 
be observed for unusually warm monthly 
minimum temperatures (i.e. nighttime 
temperatures). Between 1967 and 2017, 
the average number of days above 
35°C in nearby Parramatta was 10.9 
per year. In 2017, temperatures above 
35°C were recorded in this area north 
of Cumberland Council on 28 days (Fig. 
2). Even more alarming is the number 
of days where air temperatures soared 
above 40°C. While, on average, such 
extreme heat occurred for 1.5 days per 
year between 1967 and 2017, in 2017 it 
occurred for 8 days. Compared to the 50-
year average, this represents an increase 
of more than five times (online data from 
the Bureau of Meteorology). Due to the 
close proximity of the two council areas, 
it is reasonable to expect that the same 
trends apply to both urban landscapes.
From 2011 to 2016 the population of 
Cumberland Council increased by nearly 
23,000 residents to around 242,000. At 
 1.  According to the Bureau of Meteorology, days of extreme heat are those outside each monthly 99th percentile calculated for the interval  
1910-2017.
FIGURE 2: Frequency 
of days where air 
temperatures were 
greater than 35°C. 
Source: Greater 
Sydney Commission 
(2018) using data 
from the Bureau of 
Meteorology.
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the same time, the number of separate 
houses declined (-1.1%), while medium- 
(+8.6%) and high-density (+34.1%) 
housing increased to accommodate the 
added portion of the population (online 
data from profile.id.com.au.). In 2019, 
approximately 250,000 people called 
Cumberland their home and the local 
population is expected to increase by 
22% to a total of around 305,000 by 
2036 (forecast.id.com.au/cumberland). 
To accommodate the expected increase 
in population, an additional 28,500 
dwellings will be constructed, mostly as 
medium-density apartment blocks on 
amalgamated or obsolete commercial 
and/or industrial land in the vicinity of 
railway stations. The trend of increasing 
urbanisation is in accordance with global 
trends in urban population dynamics 
(Gerland et al., 2014). The largest 
population increases are predicted for 
Auburn (+68%) and Pendle Hill (+67%). 
It is well known that development of 
urban space increases regional heat. 
This is owed to transformation of green 
to grey infrastructure and increasing 
emissions of anthropogenic heat from 
energy use and traffic (Georgescu et al., 
2014; Hwang et al., 2017; Li et al., 2014). 
Given the current trend of population 
increase in Cumberland Council, it is not 
surprising that the LGA is experiencing 
a net loss of green infrastructure and 
net gain in hard surfaces (Amati et al., 
2017). Research from RMIT University 
indicated that the newly formed LGA 
of Cumberland had 16.5% tree cover 
and 53.8% hard surface in 2016 (Amati, 
unpublished). The low proportion of tree 
cover renders the city very vulnerable 
to heat, poor public health, economic 
disadvantages and limited access to 
parks and gardens (Amati et al., 2017).
Impacts of urban heat can be studied 
at different scales. Metropolitan regions 
like the Greater Sydney Basin (GSB) are 
embedded in a geographical landform 
with distinct attributes, such as mountain 
ranges, coastlines, planes or river 
systems. Reducing scale, the urban 
landscape begins to break up into distinct 
grey, green and blue infrastructure 
components like residential, industrial 
or commercial zones, parklands 
or lakes. Zooming in even further, 
individual components reveal a highly 
heterogenous mosaic of structures 
made from a wide range of materials 
that differ in surface, colour and thermal 
characteristics. Depending on the level 
of scale, the heterogeneity of objects 
and their influence on urban heat varies. 
Thus, urban heat and UHIE have several 
gradations that can be studied (Fig. 3): 
1. Macro scale – across the GSB, where 
air temperatures in peri-urban and 
rural zones are likely lower during 
the day, but more so during the night 
compared to densely populated 
spaces. 
2. Meso scale – differences in air 
temperatures among individual 
suburbs. In the GSB, this applies to 
eastern (coastal), central and western 
(landlocked) suburbs.
3. Micro scale – microclimatic variation 
of air temperatures over a small parcel 
of land, such as a precinct, a park or 
around a single building.
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1. BACKGROUND
Since the first systematic documentation 
of UHIE in the 1950s (Duckworth and 
Sandberg, 1954; Sundborg, 1950), 
climate research has assessed effects 
of urban heat at these different scales 
(Oke, 1973; Oke, 1982; Akbari et al., 
2009; Gunawardena et al., 2017). Macro-
scale investigations generally rely on 
remotely sensed data and synoptic 
climate and landscape models (Heaviside 
et al., 2015; Duncan et al., 2019). While 
these investigations provide important 
information about cities and regional 
climate patterns and phenomena, they 
are rarely suitable to inform strategies 
and actions that aim to mitigate local 
heat.
In addition, assessments of urban heat 
using remotely sensed information 
(e.g. satellite-/drone-based infrared 
thermography) report findings based 
on surface temperature data. Resulting 
mapping products, such as those 
available at the Cool Parramatta online 
FIGURE 3: Studying 
urban heat at different 
scales. (A) Distribution 
of heat across the 
Greater Sydney Basin 
on 5 November 2013 
(9.45am). The image 
was generated using 
satellite imagery 
(Sidiqui et al., 2016). 
(B) Map depicting 
Cooling Degree Days 
(i.e. cooling energy 
demand index) for 
the period between 
November 2015 and 
October 2016 across 
eastern and central 
councils of Sydney 
(Santamouris et al., 
2017). (C) Conceptual 
map of a nighttime 
Urban Heat Island 
developed over a 
residential precinct 
using isotherms to 
depict air temperature 
differentials. The 
red line indicates a 
transect along which 
measurements were 
collected (online  
available at: epa.gov/
heat-islands). 
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portal (coolparramatta.com.au), can 
be misleading, as they depict surface 
temperatures of objects and spaces 
that are not regularly frequented by the 
public, like roofs or road surfaces. 
Meso- and micro-scale research can 
identify local heat patterns (Coutts et al., 
2016; Ziter et al., 2019), optimise urban 
design (Gaitani et al., 2017), document 
human thermal comfort (Broadbent et 
al., 2018), and inform best-practice to 
reduce summer heat at the street level 
(Sanusi et al., 2017). However, as a result 
of financial or logistical constraints, these 
types of investigations are often spatially 
restricted to single locations. As a 
consequence, empirical knowledge about 
the variability of heat across complex 
urban topography remains limited.
The LGA of Cumberland Council 
includes 29 suburbs (some shared 
with neighbouring councils), covers 72 
km2 and has a population density of 
3000 km-s2. Land use across the LGA 
is predominately residential (59%), yet 
with a large proportion of industrial 
areas (29%) (Cumberland Council, 2018). 
While parks cover approximately 15% 
of the LGA, the area has less than 20% 
tree canopy cover, one of the most tree-
deprived LGAs in New South Wales 
(Jacobs et al., 2014). 
To date, there is not a single 
permanently-operated weather station 
from the Bureau of Meteorology (BoM) 
within the boundaries of the LGA. Thus, 
climate observations for the LGA can 
only be drawn indirectly from a BoM 
weather station to the north-east of the 
LGA (Station# 066212, Archery Centre, 
Sydney Olympic Park). The relevance of 
this climate data for communities across 
Cumberland Council is questionable, as 
it is well known that urban microclimates 
can be variable (Wong and Yu, 2008; 
Erell et al., 2011). Not knowing suburb-
specific variation of air temperature 
represents several disadvantages. These 
relate to (a) the preparation of health 
and emergency services in the wake of 
extreme heat conditions; (b) advising 
citizens about local hot and cool spots; 
(c) prioritising cooling interventions; (d) 
restricted capacity in urban planning 
and landscape design; (e) unknown 
heat baseline patterns; and (f) unknown 
effectiveness of interventions that aim to 
mitigate local heat. 
Information generated in the current 
project addresses several of these 
disadvantages by providing microclimate 
analyses based on empirical data 
collected across the entire LGA of 
Cumberland Council. Development 
of a set of novel instruments and 
techniques allowed assessing urban heat 
at unprecedented scale. Results of this 
project traverse the boundary between 
micro- and macro-scales, and provide an 
enriched understanding of summer heat 
between Westmead (north), Lidcombe 
(east), Yennora (south) and Pemulwuy 
(west). 
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FIGURE 4: Mean daytime microclimate map 
(10am – 5pm) generated with data collected 
during the pilot project. The map shows mean 
daytime air temperatures across most parts 
of the LGA during a day of extreme heat in 
February 2018. Variation of air temperature of 
more than 7°C is discernible among 62 locations 
included in the visualisation.
The technical basis for the current project 
was developed and trialled during 
summer 2017/18, where Western Sydney 
University and the Future City Team of 
Parramatta City Council collected data 
of urban air temperatures using 80 data 
loggers. Results of the pilot provided 
proof of concept and allowed generation 
of initial microclimate maps (Fig. 4). 
Results were presented to the project 
team on 28 May 2018. Based on analysis 
of the pilot data and discussion among 
the team, several aspects of the work 
were refined. These included:
 » Optimised design of temperature 
recording equipment;
 » Refined documentation of 
measurement locations;
 » Optimised coverage of the LGA;
 » Inclusion of suburb names 
and  boundaries; and
 » Improved strategy for selection of 
measurement locations.
The resultant improvements were used to 
design and implement the current, full-
scale research project.
2.  PROJECT 
HISTORY
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3.1 THE HEAT LOGGER
Western Sydney University custom-
built a low-cost device for continuous 
measurements of air temperature 
(hereafter called ‘heat logger’ for 
simplicity). The heat logger consisted of 
a commercially available temperature 
sensor (Tempmate.®-S1 V2, Imec 
Messtechnik, Heilbronn, Germany) (Fig. 
5A). The sensor was mounted inside an 
inverted, white aluminium can to protect 
the sensor from direct solar radiation 
(Fig. 5B). Holes were drilled into the top 
of the shield to allow ventilation of the 
heat logger. The water-proof sensor was 
programmed to record air temperature 
at 10-minute intervals for 110 days with an 
accuracy of ±0.5°C (-20°C / +40°C) at a 
resolution of 0.1°C. Measurement quality 
was certified through international 
standards (e.g. CE, EN 12830). 
Three methods were used to evaluate 
the accuracy of the custom-built device. 
In a first test, data from heat loggers 
that were placed in the vicinity of 
meteorological stations operated by 
the Bureau of Meteorology (BoM). Air 
temperatures recorded between 28 
November 2018 and 10 March 2019 from 
the heat loggers were compared to data 
(available online) recorded by the stations 
in North Parramatta and Sydney Olympic 
Park.
The second and third tests assessed 
performance of the individual sensor, 
as well as the heat logger against a 
widely used air temperature logger 
(TGP 4500, TinyTag, Gemini Data 
Loggers, Chichester, United Kingdom) 
housed in a white Stevenson’s Type 
Screen (ACS-5050, Hastings Data 
Loggers, Port Macquarie, Australia). To 
assess the accuracy of the sensor, one 
Tempmate.®-S1 V2 was placed next to 
the TinyTag logger inside the screen. A 
complete heat logger was hung next to 
the shield in a sunlit area of a residential 
garden in Sydney, Australia. These 
loggers recorded air temperatures at 
10-minute intervals from 16 October 2018 
until 02 February 2019, collecting a total 
of 47,520 individual measurements.
Results of the calibration analyses 
indicated high accuracy of the heat 
logger. Correlations between data from 
heat loggers and BoM weather stations 
at North Parramatta (station #066124) 
and Sydney Olympic Park (station 
#066212) yielded very high coefficients 
of determination (i.e. close to 1) (Fig. 6). 
3.  METHODOLOGY
FIGURE 5: Sensor (A) and shield (B) used for 
construction of the heat logger. 
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3. METHODOLOGY 
Temperature differentials (∆T; difference 
between air temperature at the same 
point in time measured with the sensor/
heat logger and the TinyTag) were 
calculated to assess the difference 
between measurements collected 
with the sensor or heat logger and the 
TinyTag logger. Negative ∆T indicated 
sensor/heat logger recording lower air 
temperatures, positive ∆T indicated 
higher air temperatures compared to 
the TinyTag logger. These analyses 
revealed that the sensor and heat logger 
deviated between -0.2°C and +0.3°C 
from the measurements collected with 
the TinyTag logger (Table 1). Differentials 
for maximum and minimum deviations 
were in a tolerable range, indicating 
that heat loggers capture accurate and 
reliable data.  
TABLE 1: Qualitative analyses of air temperature 
differentials (∆T) for the Tempmate.®-S1 
V2 sensors and the heat logger and the 
TinyTag logger. Abbreviations: n= number of 
measurements; SE = standard error of mean.
COMPARISON n mean SE min max
TEMPMATE SENSOR vs TINYTAG
9am* 110 -0.15 0.01 -0.43 0.24
3pm* 110 -0.19 0.01 -0.60 0.08
Daily Tmax 110 -0.13 0.02 -0.68 0.29
HEAT LOGGER vs TINYTAG
9am 110 0.17 0.02 -0.46 0.77
3pm 110 -0.19 0.02 -0.90 0.26
Daily Tmax 110 0.33 0.03 -0.41 1.38
FIGURE 6: 
Relationship between 
air temperature 
measurements 
recorded by two 
weather stations 
operated by 
the Bureau of 
Meteorology (A: North 
Parramatta; B: Sydney 
Olympic Park) and 
the custom-built heat 
logger from Western 
Sydney University. 
Data for 9am, 3pm 
and maximum 
daily temperatures, 
recorded between 28 
November 2018 and 
10 March 2019, were 
used. A 1:1 line (black, 
dotted) as well as 
linear correlations of 
air temperature data 
(colours, solid), as 
well as coefficients of 
determination (R2) 
are shown.
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3.2 FIELD DEPLOYMENT OF 
HEAT LOGGERS
From 07 to 20 December 2018, a team 
from Cumberland Council deployed 108 
heat loggers. Locations of loggers were 
pre-determined and driving routes were 
computed using Google Maps software to 
increase time efficiency. At each location, 
the serial number of a sensor was noted 
before activating and assembling the 
heat logger. Each logger was mounted 
to a tree branch (approx. 2.5-3 m above 
ground) using a step ladder and cable 
ties. Using trees as support structures 
for the heat loggers offered several 
advantages, including their omnipresence 
in public space, being managed by 
council, being accessible and providing 
additional protection. 
Heat loggers were placed in street and 
park trees, as well as in nature strips, 
green verges, reserves, playgrounds and 
other localities (Fig. 7). A complete list of 
locations is provided in Appendix 1. Care 
was taken that loggers were installed 
vertically with the open base pointing 
toward the ground. Once installed, the 
physical address, GPS location and 
tree species were noted. In addition, 
tree height and canopy density at each 
location was assessed visually. Tree height 
was classed as being either less than 10 
m, between 10 and 20 m or taller than 20 
m. Canopy density (i.e. antithesis of the 
amount of light penetrating the canopy) 
was scored as low, medium or high. 
FIGURE 7: Examples 
of the diverse urban 
locations and tree 
species where heat 
loggers were installed. 
(A) Bottlebrush tree 
near playground 
at Guildford 
Park, Guildford. 
(B) Jacaranda tree 
in residential street 
in Merrylands. 
(C) Eucalyptus 
tree in an industrial 
estate at Wetherill 
Park. (D) Sweetgum 
tree in a playground 
at Gloucester 
Park, Merrylands. 
(E) Chinese elm tree 
in the commercial 
centre of Lidcombe. 
(F) Araucaria tree at 
Rockwood. Some heat 
loggers (white cans) 
are visible in lower 
tree canopies (A, C).
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3. METHODOLOGY 
3.3 ADDITIONAL DATA SOURCES
The study made use of air temperature 
data collected from 3 weather stations 
operated by the Built Environment 
research team from the University of New 
South Wales (UNSW). These weather 
stations were mounted to Smart Poles 
within the LGA of Parramatta City. During 
the summer of 2018/19, Parramatta City 
Council also deployed heat loggers for 
the purpose of microclimate mapping. 
After consultation, both councils agreed 
that data from heat loggers along the 
boundary of Parramatta and Cumberland 
Councils would be shared. Consequently, 
11 loggers from the Parramatta LGA were 
included in the present project. Data from 
these 14 additional locations were used to 
evaluate variation of microclimate across 
the LGA of Cumberland.
In January 2019, a set of 9 heat loggers 
were installed in the LGA of Bayside 
Council. Data from these loggers 
were used to assess differences in air 
temperatures between the landlocked 
LGA of Cumberland and the coastal LGA 
of Bayside. 
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FIGURE 8: Overview 
of absolute 
maximum (red) and 
minimum (blue) 
air temperatures 
recorded at 97 
locations across the 
LGA of Cumberland 
Council. The dashed 
line indicates 
35°C, a threshold 
temperature, above 
which heat becomes 
severe. Red boxes 
indicate heatwave 
periods (1: 25 
December 2018 – 01 
January 2019; 2: 15-18 
January 2019; 3: 25-27 
January 2019). See 
text for a definition for 
heatwave conditions. 
4.  PROJECT 
FINDINGS
4.1 OVERVIEW
Of the 108 heat loggers deployed by 
the team from Cumberland Council, 
92 were retrieved in March 2019. This 
represents a return rate of 85%. Data 
from a few loggers could not be used, 
because loggers were not activated 
correctly, leaving 83 locations inside the 
LGA. Together with data provided by 
Parramatta City Council (11 locations), 
UNSW (3 locations) and including the 
heat loggers distributed at Bayside (9 
locations), a total of 1,435,411 individual 
measurements of air temperature from 
106 locations were available for analysis. 
Data were truncated to the period from 
21 December 2018 to 28 February 2019 
and used in the present analyses. This 
data set contained 1,024,607 individual 
measurements. 
In December 2018, January 2019 and 
also February 2019, maximum daily air 
temperatures exceeded 40°C (Fig. 8). 
Three heatwave periods were captured in 
December 2018 (25 December 2018 – 01 
January 2019) and January 2019 (15-18 
January 2019 and 25-27 January 2019). 
Here, heatwaves are defined as events 
where maximum daily air temperature is 
above 38°C for at least three consecutive 
days. The absolute hottest temperature 
was 45.2°C, measured at 4:20pm on 31 
December 2018 near the carpark of the 
Auburn Basketball Centre in Lidcombe. 
Minimum nighttime temperatures never 
fell below 11°C, however they remained 
high during many nights in the 2018/19 
summer. At 1am during the night of 25/26 
January 2019, air temperatures remained 
between 24-28°C across the LGA. 
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Heat loggers collected information under 
canopies of at least 31 tree species in 
44 suburbs, of which 28 were inside the 
LGA of Cumberland. Among these 28 
suburbs, most measurement locations 
were in Merrylands (n = 9), Auburn (n = 
8), Lidcombe (n = 6), Granville (n = 5), 
Pemulwuy (n = 5). The remaining suburbs 
contained 4 or less measurement 
locations. 
More than 50% of trees used to place 
heat loggers in were short stature (<10 m 
tall), about one third was of medium size 
(10 m – 20 m tall) and only 10% of the 
trees were tall (>20 m). Canopy density 
was ranked low for 33%, medium for 
43% and high for 24% of all trees. The 
single tree that was >20 m tall and had 
a very dense canopy was an unusual 
specimen of Syzygium smithii (lilly pilly) 
in Toongabbie. Detailed information 
about tree height and canopy density 
is provided in Table 2 and can be found 
in the Appendix at the end of this 
document.
4.2 AIR TEMPERATURES 
ACROSS CUMBERLAND LGA
Average air temperature across all 
locations during summer 2018/19 was 
24.7°C (±5.1; ±1 standard deviation of the 
mean). Average minimum and maximum 
air temperatures during this time were 
11.3°C and 41.4°C, respectively. Mean 
monthly air temperatures indicate that 
January 2019 was the hottest month 
(mean: 25.9°C). Mean air temperature 
in February 2019 was 23.4°C. Mean air 
temperature for the interval from 21 to 
31 December was 24.4 °C – strongly 
influenced by extreme temperatures 
during the heatwave that lasted from 25 
to 31 December, where daily maximum 
temperatures were hotter than 40°C 
during 4 consecutive days. 
Table 3 provides a list of the 30 hottest 
locations, according to their mean 
summer temperatures. Based on mean 
air temperatures between 21 December 
2018 and 28 February 2019, the warmest 
microclimate was at The Trongate in 
Granville (25.9°C), followed by Memorial 
Avenue in Merrylands (25.7°C) and the 
carpark off Walpole Street at Holroyd 
Gardens (25.6°C). A cluster of the hottest 
locations can be identified in the area 
of Granville, Merrylands, Holroyd and 
Wentworthville.  
Canopy density
Low Medium High
Tree height
<10m 21 21 14
10m-20m 11 16 10
>20m 2 7 1
TABLE 2: Distribution 
of tree height and 
canopy density of 
trees used to place 
heat loggers in.
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Location Suburb Mean Max. Min.
The Trongate Granville 25.9 41.3 14.0
Memorial Ave Merrylands 25.7 42.8 14.3
Holroyd Gardens, Walpole St Holroyd 25.6 44.8 12.9
Dunmore St Wentworthville 25.6 43.8 14.4
The Avenue Granville 25.4 41.8 14.3
South St Granville 25.4 41.5 15.0
Manchester St Merrylands 25.4 42.4 13.8
Mills St Merrylands 25.3 44.5 13.2
Miller Rd Chester Hill* 25.2 42.6 13.9
Highland St Merrylands 25.2 41.8 12.7
Factory St Granville 25.2 43.1 14.5
Irwin Pl Wentworthville 25.2 43.3 12.7
Stapleton St Pendle Hill 25.1 41.9 14.0
Great Western Hwy Wentworthville 25.1 43.8 13.3
John St Lidcombe 25.1 41.2 14.7
Newport St Pemulwuy 25.1 42.2 13.9
Bulbi St Pemulwuy 25.1 43.1 13.1
Dan St Merrylands 25.0 41.3 13.1
Cricketers Arms Rd Prospect* 25.0 43.8 13.3
The Cres Fairfield* 25.0 41.6 13.4
Carinya Rd Girraween 25.0 41.9 12.4
Cnr. Blaxcell St/Rawson Rd South Granville 25.0 41.3 13.3
Livingstone Rd Lidcombe 25.0 43.3 12.6
Marian St Guildford 24.9 42.2 13.2
Hyland Rd Smithfield 24.9 44.8 11.9
Oramzi Rd Girraween 24.9 40.2 13.4
Essington St Wentworthville 24.9 40.0 13.7
Prospect Hwy and Bellevue 
Circuit
Pemulwuy 24.9 42.0 13.5
Boundary Rd Chester Hill 24.9 42.0 13.5
Marion St Parramatta* 24.9 40.5 14.6
TABLE 3: Top 30 list of locations with the 
hottest mean air temperatures during 20 
December 2018 to 28 February 2019. Also 
shown are the absolute maximum and minimum 
air temperatures measured at each location. 
Suburbs with an asterisk are located outside the 
boundary of Cumberland Council.
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The lowest mean air temperature for 
the summer of 2018/19 was 23.6°C, 
recorded at Giffard Street in Silverwater. 
This location is near the Duck River, 
adjacent to a large section of riparian 
forest. Nine of the 10 coolest locations, 
based on mean summer temperatures 
were located near large parks, golf 
courses, rivers and riparian zones. 
And 7 of the 10 coolest locations were 
not within the boundaries of the LGA, 
underlining the generally warmer 
microclimates across Cumberland 
compared to surrounding urban 
landscapes (see Pfautsch and Rouillard 
(2019) for more data on the LGA of 
Parramatta City).  The absolute coldest 
temperature (11.3°C) was recorded at 
Everley Road in Chester Hill, between 
the vast open space of Everley Park and 
the soccer field of Parramatta FC. Table 
4 provides a Top 30 list of the coolest 
measurement locations. 
4.3 TEMPERATURE 
VARIABILITY
Across the LGA, mean daytime 
temperature during the summer 
2018/19 was 28.9°C (±0.7). The warmest 
mean daytime temperature at a single 
location was 30.6°C, recorded at the 
carpark of Holroyd Gardens, followed by 
30.3°C Memorial Avenue (Merrylands), 
Livingstone Road (Lidcombe) and 
Hayland Rd (Smithfield). The coolest 
mean daytime temperature was 27.3°C 
recorded at Giffard Street (Silverwater). 
The absolute lowest daytime 
temperatures were 16.4°C at Auburn 
Basketball Centre (Lidcombe), 16.8°C 
at Smith Street (Regents Park) and 
Location Suburb mean max min
Giffard St Silverwater* 23.6 38.2 13.6
Caloola Rd Constitution Hill* 23.6 38.6 13.5
Grand Pde Olympic Park* 23.7 40.7 14.5
Smith St Regents Park 23.8 40.2 12.4
Auburn Bot. Gardens 2 Auburn 23.8 39.2 12.9
Bennelong Pkwy Olympic Park* 23.9 41.9 13.3
Amos St Westmead* 23.9 43.0 14.0
Owens Ave Newington* 23.9 42.1 13.1
Killeen St Auburn 24.0 39.6 12.0
Marlborough Rd Homebush West* 24.0 40.0 13.8
Martin Cres Woodpark 24.0 40.1 11.9
Everley Rd Chester Hill 24.1 40.7 11.3
Guildford Rd Guildford 24.1 39.1 12.5
Haslem Dr Rookwood 24.2 40.5 12.6
Princes Rd West Auburn 24.2 41.3 11.6
Memorial Ave Rookwood 24.2 40.6 13.5
Market St Smithfield 24.3 40.0 11.9
Dalley St Lidcombe 24.3 39.8 13.2
Margaret St Merrylands 24.3 39.9 12.4
Oklahoma Ave Toongabbie 24.3 40.6 12.0
Auburn Bot. Gardens 1 Auburn 24.3 41.1 12.7
Central Gardens, Merrylands Rd Merrylands 24.4 41.5 12.3
Norman May Dr Lidcombe 24.4 40.1 13.1
Hunt St Guildford West 24.4 40.8 12.6
Toongabbie Rd Toongabbie 24.4 41.0 12.0
Pioneer Res., Campbell Hill Rd Guildford 24.4 42.6 11.4
Allison Rd Guildford West 24.4 40.2 12.3
Park Rd Auburn 24.4 40.9 12.7
Shirley St Rosehill* 24.5 42.0 13.5
Wanda St Merrylands West 24.5 40.5 12.0
TABLE 4: Top 30 list of locations with the lowest mean air temperatures during 20 December 2018 to 
28 February 2019. Also shown are the absolute maximum and minimum air temperatures measured 
at each location. Suburbs with an asterisk are located outside the boundary of Cumberland Council.
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16.9°C at the Botanic Gardens in Auburn. 
These cool summer temperatures were 
measured during 22 December 2018, a 
cold and rainy day.
Mean nighttime temperatures during 
summer 2018/19 were 21.8°C (±0.4). 
The warmest locations, based on 
mean nighttime temperatures, were at 
The Trongate (Granville) with 22.8°C, 
at Memorial Avenue (Merrylands) 
with 22.7°C, and Dunmore Street 
(Wentworthville), John Street (Lidcombe) 
and Church Avenue (Westmead) that 
all had a mean nighttime temperature 
of 22.6°C during the summer 2018/19. 
In contrast, the coolest mean nighttime 
temperature was 20.8°C, recorded at 
Martin Crescent in Woodpark, 21°C 
at Campbell Hill Pioneer Reserve in 
Guildford and 21.1°C at Everley Road in 
Chester Hill. The latter 2 locations are 
surrounded by large open and vegetated 
areas that promote rapid cooling during 
the night. Table 5 provides an overview of 
mean, maximum and minimum daytime 
and nighttime temperatures across the 
LGA.
It is important to understand the 
variation among air temperatures 
measured at any point in time and 
space. For this purpose, temperature 
differentials (∆T) were calculated. These 
∆T represent the difference between 
absolute minimum and absolute 
maximum air temperature among the 97 
locations at each single time point. It is 
acknowledged that microclimates at each 
location will be influenced by a range of 
factors, including albedo (i.e. a proxi for 
reflectiveness of a surface) and thermal 
mass of surrounding structures, canopy 
density of trees, proximity of sources 
of anthropogenic heat, and others. The 
present analyses do not attempt to 
determine the potential extent of these 
influences, but treat measurements from 
each location equally. Across all locations 
and time points, ∆T varied on average by 
4.2°C and was lowest during a rainy night 
(0.9°C on 11-12 January 2019) (Fig. 9).
Daytime (10am – 6pm) Nighttime (9pm – 5am)
mean maximum minimum mean maximum minimum
Entire summer 28.9 (±0.7 45.2 16.4 21.8 (±0.4) 33.2 11.7
January 2019 29.8 (±0.7) 45.2 19.5 23.2 (±0.3) 33.2 18.5
February 2019 27.4 (±0.7) 41.3 19.4 20.9 (±0.4) 31.7 16.6
TABLE 5: Daytime and nighttime air temperatures (°C) across Cumberland Council during the 
summer of 2018/19. Mean temperatures were calculated using data from 20 December 2018 to 28 
February 2019. Values in parenthesis indicate 1 standard deviation of the mean.
FIGURE 9: Temperature differentials (∆T) 
calculated for each time point across 97 
measurement locations between 21 December 
2018 and 28 February 2019. ∆T indicates the 
variability of air temperatures across the LGA 
of Cumberland Council. Red boxes indicate 
heatwave periods (1: 25 December 2018 – 01 
January 2019; 2: 15-18 January 2019; 3: 25-27 
January 2019). See text for a definition for 
heatwave conditions. The red dashed line 
indicates mean ∆T of 4.2°C.
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Daytime (10am – 6pm) ∆T varied on 
average by 5.7°C among all locations. 
A visual representation of this type of 
variation and its spatial distribution 
across the LGA is depicted for a regular 
summer day in Fig. 19. ∆T increased 
during periods of extreme heat. For 
example, during the heatwave between 
Christmas and New Year 2018, ∆T 
regularly reached 8-10°C. On 29 
December 2018 at 3pm, these high ∆T 
translated to extreme heat at Dunmore 
Street in Wentworthville (43.8°C) and 
moderate summer temperatures at 
Haslem Drive in Rockwood (34°C). 
∆T of nighttime temperatures was much 
lower (2.5°C) compared to daytime 
∆T. Yet, similar to daytime ∆T, during 
intervals of extreme heat, also nighttime 
∆T increased well above 4°C, reaching 
as high as 5.9°C on 28 December 
2018 at 9pm (25.1°C at South Street in 
Granville and 31°C at Dunmore Street in 
Wentworthville). 
The largest ∆T were regularly observed 
during the time when extreme heat was 
pushed out of the LGA by a cold front 
(Fig. 10). These synoptic conditions 
were characteristic in signifying the end 
of heatwaves. Following the build-up 
of heat over several consecutive days, 
the cool changes swiftly replaced the 
hot with notably cooler air masses. The 
greatest ∆T (19.8°C, 6pm on 31 January 
2019) was detected at the end of extreme 
heat, followed by a cool change. At 
5pm that day, air temperatures at 47 
measurement locations were at or above 
40°C. Extreme heat was widespread and 
∆T during that afternoon was between 
5-6°C across the LGA. With the arrival of 
the cool change at 4pm, air temperatures 
dropped rapidly, resulting in the large 
∆T. Not only did air temperatures drop 
rapidly when compared among different 
locations, but also at individual locations. 
At Livingstone Road in Lidcombe, air 
temperatures dropped from 43.3°C 
at 5.40 pm to just 24°C at 6.50pm 
and at Marion Street in Parramatta, 
temperatures dropped from 40.5°C to 
28.1°C in just 30 minutes (4.30pm – 5pm).
Notably, once the cool change had 
passed, ∆T was much smaller compared 
to prior the cool change, indicating 
that any heat stored in structures and 
surfaces in the vicinity of measurement 
locations had dissipated quickly. 
These patterns seem typical for the 
metropolitan area of the central Sydney 
region, as an identical event took place 
nine days later on 8 February 2019 
(Figure 10).  
4.4 HEAT DAYS
This project recorded detailed 
information of microclimatic variability 
during three heatwaves and also a large 
number of very hot days. As mentioned 
before, the hottest temperature was 
45.2°C, measured during the afternoon 
of 31 December 2018 in Lidcombe. 
Although tree canopy was present at 
this location, the area was dominated 
by large sports fields, train and road 
FIGURE 10: Daily course of temperature 
differentials (∆T) across the LGA of Cumberland. 
Air temperatures during 31 January and 8 
February 2019 reached extreme levels above 
40°C. In the late afternoon of both days, a 
cool change caused air temperatures to drop 
rapidly. Timing of cooling at each geographic 
location across the LGA depended on direction 
of the cool change, resulting in large ∆T among 
measurement locations.
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infrastructure as well as large industrial 
warehouses. Colours, materials, and 
anthropogenic sources of heat in the area 
all contribute to local heat, resulting in 
record temperatures during heatwaves. 
However, as a result of the open sports 
fields and their unobstructed emission 
of stored heat during the night, mean 
summer temperature at this location was 
not among the top 30 hottest locations 
(Table 3), but with a mean 24.7°C in 
the mid-range. This demonstrates 
the importance of considering the 
composition of the urban matrix at 
locations of heat loggers when assessing 
and interpreting individual temperature 
measurements.
Screening heat across all locations 
indicates that maximum air temperatures 
were greater than 35°C on 41 days and 
were greater than 40°C on 19 days. 
In contrast to these measurements 
stand the daily maximum temperature 
observations from the nearest BoM 
weather station at Sydney Olympic Park. 
Here, the hottest day was 40.2°C – five 
degrees cooler. It was also the only day 
where temperatures exceeded 40°C and 
temperatures above 35°C were recorded 
during 10 days only. Clearly, the varying 
microclimate across the Cumberland 
Council LGA is not well captured by air 
temperature measurements from the 
nearest BoM station. The discrepancy 
of measurements collected at the BoM 
station and using heat loggers distributed 
at nearly 100 locations across the LGA 
highlights the actual exposure of the 
communities of Cumberland to extreme 
heat. It is reasonable to expect that 
similar microclimatic conditions can be 
found across other LGAs of the central 
Sydney Basin. This finding should have 
far-reaching implications of how heat 
resilience of urban space is assessed and 
valued.
There were 8 days where all 97 heat 
loggers recorded maximum daily 
temperatures at or above 35°C (28-30 
December 2018, 5, 18, 27, 31 January and 
12 February 2019). Extreme heat was 
most widespread on 31 January 2019, 
where air temperatures at or above 
40°C were recorded at 72 locations, 
followed by 65 locations on 29 December 
2018 and 62 locations on 5 January 
2019. There was a clear and positive 
relationship between absolute maximum 
air temperature measured at a single 
location and the chance to experience 
either a >35°C or a >40°C day (Fig. 
11). This finding can be rephrased as 
“if a place gets hot, it will be hot more 
frequently”, which indicates that local 
extreme heat is not a phenomenon 
during a singular event, rather than a 
systematic outcome of the composition 
of the urban landscape.  
The ‘hot spots’, locations with the largest 
number of days between 20 December 
2018 and 28 February 2019 where 
FIGURE 11: 
Relationship between 
absolute maximum 
temperature and the 
number of days where 
air temperatures were 
>35°C (A) and >40°C 
(B) (n = 97). Linear 
regression models 
indicate a highly 
significant relationship 
for A and B. 
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daily maximum air temperature was 
at or above 40°C, were Hayland Road 
in Smithfield and Livingstone Road in 
Lidcombe. At both locations, extreme 
temperatures of >40°C were recorded 
during 15 days. In contrast, there were 
11 locations where maximum daily air 
temperatures never reached 40°C. 
Amongst these ‘cool spots’, the location 
at the end of Giffard Street in Silverwater 
(located in the LGA of Parramatta City)
had the lowest maximum air temperature 
(38.2°C) and also the lowest number of 
days where maximum air temperatures 
were at or above 35°C (n = 8). Notably 
3 locations of these ‘cool spots’ are in 
Auburn and all measurement locations 
within this suburb (n = 8) fall into the 
cooler 30% of all 97 locations. A full 
ranking of ‘hot’ and ‘cool spots’ is 
provided in Table 6.
Rank Location Suburb Days 
>40°C
Days 
>35°C
Absolute 
max. air 
temperature
1 Hyland Rd Smithfield 15 36 44.8
2 Livingstone Rd Lidcombe 15 35 43.3
3 Dunmore St Wentworthville 14 34 43.8
4 Holroyd Gardens Holroyd 12 35 44.8
5 Cricketers Arms Rd Prospect* 11 34 43.8
6 Mills St Merrylands 10 29 44.5
7 Memorial Ave Merrylands 9 32 42.8
8 Bulbi St Pemulwuy 9 31 43.1
9 Cnr Mons Rd/Briens Rd Northmead* 9 29 42.0
10 The Avenue Granville 8 30 41.8
11 Irwin Pl Wentworthville 8 29 43.3
12 Highland St Merrylands 8 29 41.8
13 Miller Rd Chester Hill* 8 28 42.6
14 Great Western Hwy Wentworthville 7 33 43.8
15 Foundation Pl Pemulwuy 7 29 43.3
16 Manchester St Merrylands 7 28 42.4
17 Watkin Tench Pde Pemulwuy 7 28 42.0
18 Prospect Hwy and  
Bellevue Cct
Pemulwuy 7 26 42.0
19 Newport St Pemulwuy 6 28 42.2
20 Harris St Merrylands 6 26 42.4
21 Carinya Rd Girraween 6 26 41.9
22 Myddleton Ave Fairfield* 6 24 41.8
23 Davis Rd Wetherill Park* 6 23 41.0
24 Stapleton St Pendle Hill 5 29 41.9
25 Auburn Basketball Centre Lidcombe 5 28 45.2
26 Hazel St Girraween 5 28 41.0
27 Factory St Granville 5 28 43.1
28 Campbell Hill Rd Guildford 5 26 42.6
29 Fullagar Rd Wentworthville 5 26 41.9
30 William Lawson Dr Prospect* 5 25 42.1
31 Cnr Blaxcell St/Rawson Rd South Granville 5 25 41.3
32 Cenrtral Gardens Merrylands 5 24 41.5
33 The Cres Fairfield* 5 22 41.6
34 Marian St Guildford 4 29 42.2
35 South St Granville 4 26 41.5
36 Broughton St Old Guildford* 4 25 42.0
37 Third Ave Berala 4 25 41.9
38 King St Guildford West 4 25 41.9
39 Glen St Granville 4 24 42.2
40 Boundary Rd Chester Hill 4 23 42.0
41 Hunt St Guildford West 4 23 40.8
42 The Trongate Granville 4 22 41.3
43 Tait St Smithfield 4 21 41.5
44 Oklahoma Ave Toongabbie 4 21 40.6
45 Roland St Greystanes 4 20 41.5
46 Church Ave Westmead* 3 26 41.1
47 Taylor St Greystanes 3 25 42.0
48 Wanda St Merrylands West 3 25 40.5
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Rank Location Suburb Days 
>40°C
Days 
>35°C
Absolute 
max. air 
temperature
49 Sardan Cres Fairfield* 3 24 42.8
50 Kootingal St Greystanes 3 24 42.6
51 The Horsley Dr Fairfield* 3 24 42.0
52 William Lawson Dr Prospect* 3 23 41.0
53 Dan St Merrylands 3 22 41.3
54 Monterey St South Wentworthville 3 22 40.9
55 Walker St Merrylands 3 21 40.3
56 Cobden Parkes Cres, Lidcombe 3 19 42.1
57 Auburn Botanical Gardens 1 Auburn 3 19 41.1
58 Sheffield St Auburn 3 19 40.9
59 Toongabbie Rd Toongabbie 2 25 41.0
60 Bathurst St Greystanes 2 23 41.0
61 Yennora Ave Yennora 2 22 40.3
62 Martin Cres Woodpark 2 22 40.1
63 Sixth Ave Berala 2 21 40.7
64 Ralph St Westmead 2 20 40.8
65 Owens Ave Newington* 2 19 42.1
66 Tilba Street Berala 2 19 40.1
67 Amos St Westmead* 2 18 43.0
68 Shirley St Rosehill* 2 18 42.0
69 Princes Rd Auburn 2 18 41.3
70 Park Rd Auburn 2 17 40.9
71 Bennelong Pkwy Olympic Park* 2 15 41.9
72 Marion St Parramatta* 1 23 40.5
73 Oramzi Rd Girraween 1 23 40.2
74 Essington St Wentworthville 1 23 40.0
75 John St Lidcombe 1 20 41.2
76 Macquarie Rd Auburn 1 20 40.9
77 Market St Smithfield 1 17 40.0
78 Marlborough Rd Homebush West* 1 17 40.0
79 Memorial Ave Rookwood 1 16 40.6
80 Everley Rd Chester Hill 1 15 40.7
81 Norman May Dr Lidcombe 1 15 40.1
82 Allison Rd Guildford West 1 14 40.2
83 Haslem Dr Rookwood 1 13 40.5
84 Smith St Regents Park 1 12 40.2
85 Grand Parade Olympic Park* 1 12 40.7
86 Av of Europe Newington* 1 10 40.3
87 Portico Parade Toongabbie 0 23 39.8
88 Institute Rd Westmead* 0 21 39.9
89 Margaret St Merrylands 0 19 39.9
90 Town Hall Ln Auburn 0 17 39.9
91 Chifley St Wetherill Park* 0 17 39.6
92 Caloola Rd Constitution Hill* 0 14 38.6
93 Auburn Botanical Gardens 2 Auburn 0 13 39.2
94 Guildford Rd Guildford 0 13 39.1
95 Dalley St Lidcombe 0 12 39.8
96 Killeen St Auburn 0 12 39.6
97 Giffard St Silverwater* 0 8 38.2
TABLE 6: Complete list of measurement 
locations ranked by the number of days where 
maximum daily air temperatures were at or 
above 40°C. Also shown are the number of days 
where maximum daily air temperatures were 
at or above 35°C, as well as absolute maximum 
temperature. The ranking used air temperature 
measurements recorded between 20 December 
2018 and 28 February 2019. Suburbs with an 
asterisk are located outside the boundary of 
Cumberland Council.
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4.5 HEAT MAPPING
This project used data from 97 locations 
to generate geo-referenced maps that 
illustrate variation of air temperature 
across the LGA of Cumberland. For each 
map, we imported location-specific 
data, including latitude and longitude of 
measurement positions into ArcGIS 10.6. 
These data allowed us to create shapefiles 
using the GPS coordinates. Inverse 
Distance Weighted (IDW) interpolation 
was used to estimate continuous raster 
temperature maps from temperature 
values recorded at the location of each 
heat logger (i.e. the value of each pixel in 
the raster map was estimated according 
to values of the 12 nearest points in the 
shapefile, with closer points having a 
greater influence on the calculation than 
points located further away). 
Raster maps produced from IDW 
interpolations were clipped to include 
only the suburbs within the boundary of 
the LGA and a 2 km buffer zone around 
it, which included measurement points 
outside the LGA of Cumberland Council. 
Finally, to display varying ranges of air 
temperature variation it was necessary 
to optimize a graduated colour scheme 
for each map. Each shade of the gradual 
changes represents a fixed temperature 
value interval, which is 0.5°C if not 
specified otherwise in the caption of the 
map. 
Seventeen geo-referenced temperature 
maps were produced for this report. 
These included ‘overview’ maps that 
visualised variation of average air 
temperatures among measurement 
points throughout the entire summer, 
or during daytime (10am – 6pm) and 
nighttime (9pm – 5am) for January 
and February 2019. A second product 
were ‘snapshot’ maps that depicted 
microclimatic conditions at specific 
points in time (e.g. during the peak of 
a heatwave or rain event). Lastly, we 
generated ‘process’ maps that captured 
the dynamic course of warming during 
the morning and cooling during the 
evening. For these maps, we calculated 
the change in temperature at each 
measurement position as difference 
between 7am and 11am (warming) and 
8pm and 12am (cooling) for each day 
in January and February 2019. The 
extent of temperature difference can be 
interpreted as an indicator of how quickly 
a location heated up or cooled down. 
Key observations:
1. During the day the warmest part 
of Cumberland LGA was in the 
central north, largely comprising 
the suburbs of Merrylands, Holroyd, 
Granville, Parramatta, Westmead and 
Wentworthville.
2. The coolest part of the LGA during 
the day was consistently found in 
the east towards Auburn, Lidcombe 
and Rockwood and the central south 
including Yennora, Guildford West and 
Woodpark. 
3. The trends described in points 1 and 2 
prevailed during nighttime.
4. The warm region around Holroyd, 
Parramatta, Harris Park and Granville 
cooled less during night, producing a 
notable UHIE. 
5. During heatwaves, the eastern part 
of the LGA remained cooler than the 
western part; the Duck River appeared 
to function as a microclimate boundary 
(cooler to the east, warmer to the 
west).
6. Although Rockwood, Lidcombe and 
Auburn were generally cooler areas, 
they also cooled less during the night.
7. Relatively more measurement locations 
seemed to warm up quickly during 
morning hours in the west compared 
to the east of the LGA.
8. In contrast, those areas that were the 
warmest during the night had the 
greatest rates of cooling during the 
early night. 
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4.6 TREE-SPECIFIC TRENDS
Data to generate the microclimate 
maps were collected from 94 trees. The 
3 locations for which weather station 
data whereas provided from UNSW 
were smart poles, not trees, and 2 tree 
species could not be identified. A total 
of 24 species were identified. However, 
some individual trees belonging to the 
genus Eucalyptus and Acacia were not 
identified at the species level, which 
means that this project is likely to have 
collected data using more than 35 tree 
species. Trees differed markedly by 
species, size, age, and their canopy 
characteristics. 
For practical reasons, all species were 
grouped using their common names. 
The category ‘eucalypt’ contained by 
far the most trees (n = 33), followed by 
bottlebrush (n = 19) and Queensland 
brushbox (n = 6). Fifteen species were 
only represented by 1 individual. Mean 
and maximum air temperatures varied 
markedly among the different categories 
(Fig. 29). While mean air temperature 
under a black locust tree was 24°C, it was 
25.6°C under a peppercorn tree. Even 
greater was the variation of maximum 
air temperatures measured under the 
different tree categories, with a monkey 
puzzle tree at 39.1°C and again the 
individual peppercorn tree at 44.8°C. 
FIGURE 29: Rankings of air temperatures using 
common names of tree species. (A) Mean and 
(B) maximum air temperatures associated 
with 27 tree categories, listed by their common 
names. The number of individual trees in each 
category is shown in parenthesis. Means were 
calculated based on data spanning from 21 
December 2018 to 28 February 2019. Error bars 
depict +1 standard deviation of the mean (where 
n > 1).
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Care must be taken when interpreting 
these data, as Araucaria or black locust 
cannot generally be classified cool 
trees and peppercorn as hot trees. The 
monkey puzzle and black locust trees 
were located in Guildford and Woodpark, 
respectively, where air temperatures 
were generally lower compared to other 
suburbs. Once more, it is important to 
point out that surrounding structures, 
materials, their colours and reflectance 
can have some influence on local 
microclimate. Detailed analyses of these 
characteristics were not included in this 
study, but are highly recommended to 
be added as complementary analyses to 
information presented here. 
One way to bypass species- and location-
specific limitations when interpreting 
air temperature data is to group trees 
according to broader categories. Here, 
we used total tree height and canopy 
density as broad descriptors of trees, 
each with 3 categories. Averaging all 
available data for the 94 trees reveals 
highly valuable information. Based on 
these data (see Table 7), it follows that:
1. Mean air temperature declines as tree 
height increases. 
2. Maximum air temperatures are 
markedly lower under trees taller than 
20 m.
3. The hottest mean maximum air 
temperatures are found under trees 
shorter than 10 m or low canopy 
density.
4. Mean minimum air temperatures are 
unlikely to depend on tree height.
5. Dense canopies can lower maximum 
(usually measured during the day) air 
temperatures; however, they also lead 
to higher minimum (usually measured 
during the night) temperatures.
These trends are clear indicators that 
the capacity of trees to provide thermal 
benefits can differ according to stature 
and crown architecture. This has been 
shown in a range of previous scientific 
studies from Australia and other countries, 
however, never before for trees across 
Cumberland LGA. Analysis of variance was 
used to describe the magnitude of cooling 
effects in more detail. 
TABLE 7: Trends in air temperature according to tree height and canopy density. Temperatures are 
calculated as means across all trees that were identified to belong to 1 of the 3 categories related to 
height or canopy density. Number of trees in each category is shown in parenthesis. Parenthesis in 
temperature columns show 1 standard deviation of the mean.
Trait Category Mean air 
temperature 
(°C)
Mean maximum 
air temperature 
(°C)
Mean minimum 
air temperature 
(°C)
Tree height below 10 m (47) 24.8 (±0.4) 41.7 (±1.4) 13.2 (±0.8)
10 to 20 m (33) 24.7 (±0.5) 41.4 (±1.3) 13.1 (±0.6)
above 20 m (10) 24.4 (±0.5) 40.4 (±0.7) 12.7 (±1.0)
Canopy density low (33) 24.8 (±0.4) 41.9 (±1.4) 13.0 (±0.7)
medium (40) 24.7 (±0.4) 41.1 (±1.2) 13.1 (±0.9)
high (19) 24.7 (±0.4) 40.9 (±1.4) 13.4 (±0.7)
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Maximum air temperatures were on 
average 1.12°C lower under trees taller 
than 20 m compared to trees shorter 
than 10 m (p <0.001) and 0.98°C lower 
under dense compared to open canopies 
(p <0.001; Fig. 30). No effect of canopy 
characteristics was detected for mean 
summer and mean daily minimum air 
temperatures. Minimum nighttime 
temperatures were 0.40°C warmer under 
dense compared to open canopies. Yet, 
mean nighttime temperatures were lower 
(-0.44°C) under tall compared to short 
trees. 
FIGURE 30: Trends 
in air temperature 
derivatives based 
on tree height or 
canopy density. Tree 
height categories: 1 
= less than 10 m, 2 = 
between 10 m and 
20 m, 3 = taller than 
20 m. Categories 
for canopy density: 
1 = low density, 2 
= medium density, 
3 = high density. 
Temperature 
derivatives were 
calculated using data 
from 94 measurement 
locations.
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An analysis that combined information 
on tree height and canopy density 
revealed that the largest temperature 
reductions were realized for maximum 
summer and daily air temperatures when 
trees with open canopies increased 
in height (-0.9°C per height category; 
p = 0.046) (Table 8). Any significant 
temperature reduction was only detected 
for trees with either low or medium 
canopy density, none for trees with 
dense canopies. Together with results 
presented in Table 7, it becomes clear 
that trees with dense canopies provide 
consistently cooler microclimates 
regardless of their height. Furthermore, 
results emphasise how important it is 
to support primary height growth of 
urban trees, especially if they have more 
open canopy architectures. Based on 
trends described above, increasing the 
number of tall trees with dense canopies 
will provide the best cooling benefits for 
urban landscapes. These effects will be 
most pronounced when cooling is most 
desired – during hot and extremely hot 
days.
The magnitude of temperature 
reductions detected here (<1°C) 
demonstrate that the capacity of 
maturing trees to cool urban landscapes 
during hot summer days is limited. 
Increasing the resilience of communities 
in the Cumberland LGA against extreme 
heat will require planting additional trees, 
ideally with dense canopies and with the 
foresight to provide sufficient above- 
and below-ground space to develop tall 
and wide canopies. Varying the spatial 
distribution of trees according to their 
canopy density may also be advisable. 
As demonstrated here, large trees with 
dense canopies are likely to prevent 
some heat from dissipating during warm 
summer nights. Results presented here 
can readily be used to develop a refined 
understanding of how tree canopies 
affect dynamic processes that shape 
urban microclimates, and inform species 
selection and planting strategies. 
4.7 HEAT AT CUMBERLAND 
VS BAYSIDE
Bayside Council is situated around 
Botany Bay, 10 km south of the Sydney 
CBD. The LGA covers 50 km2 of urban 
space and consists of 31 suburbs of 
which some are co-managed with 
adjacent councils and municipalities. 
Similar to Cumberland, population 
across the LGA is forecasted to increase 
by approximately 20% from 179,000 in 
2016 to 213,00 in 2036. This population 
increase will require an additional 22,500 
new dwellings, mostly as medium-
TABLE 8: Effect 
of tree height and 
associated canopy 
density on different 
air temperature 
derivatives. 
Temperature 
derivatives were 
calculated using data 
recorded from 20 
December 2018 to 28 
February 2019 using 
94 locations/trees, 
including 2 trees that 
were not identified 
at the species level 
(>10 m: n = 33; 10-20 
m: n = 39; >20 m: 
n = 22). Effect size 
(i.e. slope of linear 
fit) indicates the 
potential reduction 
(“-“) or increase (“+”) 
in temperature when 
increasing tree size 
by one category 
(from 10 m to 10-20 
m or 10-20 m to 
20 m). Bold values 
indicate significant 
relationships (p 
<0.05). 
Tree height effect
Canopy density Effect size p- value
mean summe<r Low -0.21 0.106
Medium -0.20 0.033
High -0.04 0.805
max. summer Low -0.90 0.046
Medium -0.59 0.012
High -0.28 0.629
min. summer Low -0.32 0.159
Medium -0.25 0.187
High 0.02 0.946
mean day Low -0.32 0.184
Medium -0.32 0.021
High -0.08 0.754
max. day Low -0.90 0.046
Medium -0.59 0.012
High -0.28 0.629
min. day Low -0.16 0.366
Medium -0.05 0.653
High -0.09 0.657
mean night Low -0.14 0.284
Medium -0.18 0.024
High +0.03 0.857
max. night Low -0.36 0.045
Medium -0.07 0.458
High +0.07 0.768
min. night Low -0.22 0.368
Medium -0.29 0.112
High +0.07 0.772
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density apartment blocks (https://profile.
id.com.au/baysidensw). Densification 
of the LGA will continue to put existing 
green urban infrastructure under 
pressure. 
In contrast to the landlocked suburbs of 
Cumberland, several suburbs in Bayside 
have direct access to Botany Bay, while 
the entire coastal area benefits from 
regular sea breezes that help cool air 
temperatures during periods of extreme 
summer heat. As recently documented by 
Sadhegi et al. (2018), the most beneficial 
wind direction for human thermal 
comfort in the Sydney Basin comes from 
ENE. These sea breezes regularly occur 
in summer (Batt, 1995). Sea breezes 
commence once air temperatures over 
land exceed those over the sea and the 
strength of air flow increases with rising 
heat during the early and late afternoon 
(Sadhegi et al., 2018). Thus, eastern 
suburbs benefit proportionally more from 
these cooling winds during periods of 
extreme heat. Build infrastructure and 
topography in Sydney’s coastal and inner 
west regions, together with generally 
stronger UHIE in the central and western 
region (Santamouris et al., 2017) blocks 
progression of these cool airflows. 
From 17 January to 28 January 2019, 
microclimate measurements were 
collected at 9 locations around the 
LGA of Bayside (see Appendix 1 for 
details). These data were used to 
assess the magnitude of microclimatic 
differences between the landlocked 
LGA of Cumberland and the coastal 
LGA of Bayside. Although the number of 
measurement points differed significantly 
between the 2 LGAs, the observed 
trends over the period of 43 days appear 
representative for the general differences 
among microclimates within these 
2 LGAs.
As expected, the landlocked LGA was 
generally warmer during daytime and 
cooler during the night compared to 
the coastal LGA. Mean air temperature 
was 24.6°C across Cumberland and 
24.1°C across Bayside (Table 9). Mean 
temperatures were also slightly more 
variable around Cumberland (range of 
10.7°C) compared to Bayside (range of 
9.3°C). Similar to observation across 
Cumberland, there was considerable 
microclimatic variation among individual 
measurement locations around Bayside. 
∆T among the 9 locations ranged from 
0.1°C to 10.4°C, with an average ∆T of 
1.7°C. 
Between 17 January and 28 February, 
temperatures >35°C were measured 
during 23 days and >40°C during 10 days 
at locations in the LGA of Cumberland. 
At the same time, Bayside experienced 
only one day with temperatures >40°C 
and 10 days >35°C. The hottest day was 
31 January 2019 at both council areas 
where peak temperature was 45.2°C at 
Cumberland and 42.5°C at Bayside. On 
average, maximum temperatures were 
2°C hotter around Cumberland compared 
to Bayside. During heatwaves, a clear 
temperature gradient was present from 
cooler costal to hotter inland positions 
(Fig. 31).
BENCHMARKING HEAT ACROSS CUMBERLAND COUNCIL 49
FI
G
U
RE
 3
1: 
Va
ria
tio
n 
of
 lo
ca
l a
ir 
te
m
pe
ra
tu
re
s 
th
ro
ug
ho
ut
 th
e 
Lo
ca
l G
ov
er
nm
en
t A
re
a 
of
 C
um
be
rla
nd
 a
nd
 B
ay
si
de
 a
t 4
pm
 o
n 
18
 J
an
ua
ry
 2
0
19
. A
 c
le
ar
 e
as
t-
w
es
t /
 
co
as
ta
l-i
nl
an
d 
gr
ad
ie
nt
 o
f m
or
e 
th
an
 10
°C
 w
as
 p
re
se
nt
. T
he
 c
oo
le
st
 te
m
pe
ra
tu
re
 w
as
 m
ea
su
re
d 
in
 a
 fi
g 
tr
ee
 a
t G
re
na
di
er
 P
ar
k 
(s
ub
ur
b 
of
 B
an
ks
ia
), 
w
hi
le
 th
e 
ho
tt
es
t 
te
m
pe
ra
tu
re
s 
w
er
e 
m
ea
su
re
d 
in
 th
e 
fa
r w
es
t a
cr
os
s 
C
he
st
er
 H
ill
, G
irr
aw
ee
n,
 P
em
ul
w
uy
, P
ro
sp
ec
t, 
Sm
ith
fie
ld
, W
en
tw
or
th
vi
lle
 a
nd
 o
th
er
s.
 M
ar
ke
d 
te
m
pe
ra
tu
re
 d
iff
er
en
ce
s 
al
so
 e
xi
st
ed
 w
ith
in
 th
e 
LG
A
 o
f C
um
be
rla
nd
. I
m
ag
e 
©
 G
oo
gl
e 
Ea
rt
h.
 
BENCHMARKING HEAT ACROSS CUMBERLAND COUNCIL50
4. PROJECT FINDINGS
The general trend of hotter daytime and 
cooler nighttime temperatures is clearly 
visible when plotting daily minimum 
and maximum temperatures measured 
around the 2 LGAs (Fig 32). Maximum 
daily temperatures are regularly falling 
above the 1:1 line in Fig. 32A, indicating 
hotter temperatures at Cumberland 
compared to Bayside. Daily minimum 
temperatures clearly deviate from the 1:1 
line at the cooler end of recorded data 
(Fig. 32B), indicating that nighttime 
temperatures at Cumberland were lower 
compared to Bayside.
Cumberland Bayside
Mean temperature 24.6 (±4.8) 24.1 (±4.0)
Mean daily maximum temperature 27.0 (±5.6) 24.9 (±4.4)
Mean daily minimum temperature 22.9 (±4.3) 23.2 (±3.8)
Absolute maximum temperature 45.2 42.5
Absolute minimum temperature 12.4 14.6
Days >35°C 23 10
Days >40°C 10 1
Time >35°C 110 h 48 min 26 h 20 min
Time >40°C 33 h 15 min 4 h 0 min
TABLE 9: Selected temperatures and descriptors 
of heat around the landlocked LGA of 
Cumberland and the coastal LGA of Bayside. Data 
were calculated using all available measurement 
locations (Cumberland: n = 97, Bayside: n = 9) 
and data recorded between 17 January and 
28 February 2019. Parenthesis in temperature 
columns show 1 standard deviation of the mean.
FIGURE 32: Daily 
maximum (A) 
and minimum (B) 
air temperatures 
measured at 97 
locations across the 
LGA of Cumberland 
Council and 9 locations 
at selected suburbs 
within Bayside Council. 
The dashed 1:1 line 
indicates where air 
temperatures between 
the 2 LGAs would be 
identical.
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Traffic does not only reduce air quality in cities, but radiated heat 
from vehicles (and roads) are major contributors to urban heat.
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5. CONCLUSIONS
For the first time, empirical data were used to document trends of microclimatic variation across the 
Cumberland Council LGA. The spatio-temporal resolution of results is unmatched. We reveal that 
communities of Cumberland are exposed to more summer heat than previously known. Compared to 
data from the nearest official BoM weather station, suburbs especially in the west of the LGA experience 
four times the number of days (41 days) where temperatures exceed 35°C compared to the area around 
Sydney Olympic Park (10 days). Even more concerning is the fact that in the summer 2018/19 extreme heat 
in these suburbs exceeded 40°C during 19 days, compared to just one day where such extreme heat was 
documented by the BoM station at the Archery Centre. These results provide a new, refined understanding of 
heat around suburbs of the LGA, clearly documenting high vulnerability to summer heat and heatwaves. 
In addition, we present strong empirical 
evidence for a temperature gradient 
across the entire LGA, from east (cooler) 
to west (warmer) during heatwave 
conditions. Knowledge about this 
gradient offers opportunities to advertise 
public space like Auburn Botanic 
Gardens, Duck River and Rockwood as 
cooling places. Especially, evaporative 
cooling and shading along the Duck 
River during the day, and the cooler 
nighttime temperatures, could be 
leveraged to activate the area during the 
evening hours. 
The thermal benefits of Sydney’s summer 
sea breezes are well known among local 
populations and government agencies. 
Nevertheless, our comparison of heat 
around a landlocked western suburb 
to a coastal LGA has documented 
an immense difference in the time 
communities have to deal with extreme 
heat (see Table 9). People across 
Cumberland Council LGA have to cope 
with temperatures >40°C more than 
eight times as long compared to those 
that live in the Bayside LGA. Interestingly, 
the summer nights at Bayside were 
warmer, most likely due to the buffering 
effect of the sea and large industrial 
and airport infrastructure that can emit 
stored heat long into the night. 
Although urban densification across 
Cumberland (from medium to high 
density) is predicted to cause little 
additional warming (Adams et al., 
2015), reduction of tree canopy cover 
will impact local and regional climate 
(Duncan et al., 2018). It is widely accepted 
that trees can help to cool cities and 
increase human thermal comfort 
(Armson et al., 2012; Estoque et al., 2017; 
Livesley et al., 2016). Thus, preventing any 
loss of green infrastructure in the western 
and central area around Merrylands, 
Holroyd, Westmead and adjacent 
suburbs as a result of densification should 
become a priority for planners and 
developers. Better yet, increasing canopy 
cover in this part of the LGA should have 
top precedence to reduce high exposure 
to heat LGA. 
The influence of tree stature and size on 
microclimate is a field of current research 
(e.g. Estoque et al., 2017). As shown 
here, species and associated canopy 
architecture can influence microclimate. 
Older trees with wider crowns provide 
the greatest cooling benefits during 
the day. However, not only are these 
thermal benefits relatively small, canopy 
expansion is also a species-specific 
process, and the time necessary to 
develop a crown size that can provide 
measurable cooling may differ among 
species. Equally important is a better 
understanding of the effect that urban 
fabric around trees can have on local 
microclimate. 
A valuable example of how species 
selection and planting arrangement of 
urban trees can reduce local heat comes 
from the Cool Streets and Cool Parks 
studies we have done at the City of 
Parramatta LGA (Pfautsch and Rouillard, 
2019). More than twice as many days of 
40+°C were recorded along a street in 
North Parramatta, where canopy cover 
was only 10%, compared to a nearby 
street where canopy cover was 30%. 
The cooling benefits of trees with dense 
canopies was documented in 2 public 
parks near the Parramatta CBD. Planning 
for urban canopies that deliver maximum 
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cooling benefits can now be informed 
by these results. Admittedly, techniques 
other than trees could be used to cool 
this area down. A range of documents 
provide valuable information about how 
to deliver urban cooling (OEH, 2015; 
Government Architect New South Wales, 
2017; Osmond and Sharifi, 2017). 
We acknowledge that the surrounding 
urban fabric could have influenced data 
recorded during this research project. 
While this can potentially be a limiting 
factor for interpretation of observations 
reported here, it is important to 
recognise that confidence in the accuracy 
of data, illustrations and heat maps can 
be drawn from a range of sources. First, 
measurements collected using heat 
loggers correlated very strongly with 
those recorded by 2 official weather 
stations and a widely used temperature 
sensor. Second, we used large amounts 
of data to calculate suburb-specific 
trends and produce microclimate maps. 
Observing these trends even when using 
large amounts of data with their inherent 
variation increases the probability that 
trends are true. As shown in Table 7 and 
Figure 30, tree size and canopy density 
had some effect on mean temperature. 
However, the absolute effect was less 
than 1°C for any tree variable and 
temperature derivative, providing further 
evidence that observed trends are true. 
Third, the observed geographical trends 
across the LGA apply to both daytime 
and nighttime measurements. Hence, 
the trends remain in the absence of solar 
radiation and a much reduced ∆T. Lastly, 
the uneven distribution of urban heat in 
space and time is well known (Oke, 2006; 
Wong and Yu, 2008), particularly once 
measurements are collected at small 
scales (Erell et al., 2011). Hence, data 
presented here reflect this phenomenon 
for the Cumberland Council LGA. 
Based on information provided here, 
it is now possible to overcome several 
disadvantages mentioned at the 
beginning of this report. Council can 
now develop strategies and products 
to communicate heat in suburbs of the 
LGA and advertise hot and cool zones 
during heatwaves. Air temperature data 
can also be used to improve readiness 
of emergency services to respond to 
heat-related predicaments. Moreover, 
prioritising heat interventions and 
associated decision-making processes 
can now be supported by evidence. The 
establishment of a microclimate baseline 
will help to measure the success of 
cooling actions. 
Heat has been identified as major shock 
to public life, health, infrastructure and 
economic development in the Sydney 
Basin (Resilient Sydney, 2018; WSROC, 
2018). Benchmarking summer heat in 
the Sydney Basin has value beyond 
the Cumberland Council LGA. In the 
state of New South Wales, 90% of the 
population lives in cities or towns. Climate 
change is affecting this urban lifestyle. 
Creating liveable, or more importantly 
lovable and sustainable cities that supply 
their inhabitants with the resources 
and services they need is a shared 
duty among local governments. As 
predicted some years ago, heatwaves 
are now more frequent, more severe and 
longer lasting (IPCC, 2013). Exposure 
of humans to dangerous levels of heat 
stress is expected to increase by a factor 
of 5-10 by 2080 (Coffel et al., 2018). 
These alarming forecasts set the scene 
for responsible urban planning and 
development in the coming decades. 
New strategies are necessary to adapt 
to the warmer conditions, and, where 
possible, reduce negative impacts of 
urban heat. To do this effectively, it 
will be necessary to take microclimatic 
variability into account. Here we have 
demonstrated how vulnerability to heat 
varies from suburb to suburb. It is at 
this level that operative actions against 
heat can and should take place across 
Cumberland, the Greater Sydney Basin 
and beyond.
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6. RECOMMENDATIONS
Based on findings of the research 
presented here, the following practical 
recommendations are made:
I. Advertise Cool Zones in summer. 
Analyses of temperature variation 
during heatwaves have shown that 
locations in the eastern suburbs of 
Auburn, Lidcombe and Rockwood 
can be several degrees cooler 
compared to suburbs in the west 
of the LGA. This knowledge can be 
used to identify publicly accessible 
locations that can be branded as Cool 
Zones. Examples for such zones are 
the Botanic Gardens, Civic Park and 
Parks along the Duck River in Auburn, 
the Memorial Gardens at Rockwood 
or Water Park and other green spaces 
in Lidcombe.
II. Transform existing playgrounds into 
heat-smart cool playgrounds. Several 
locations of heat loggers were at 
or near playgrounds, documenting 
that these spaces get particularly 
hot during sumer. Transforming 
hot playgrounds to become cool 
playgrounds has a range of benefits 
for local communities, especially 
children and their families. As 
Cumberland Council manages 
more than 200 playgrounds, an 
entire network of cool playgrounds 
can be used to advertise these 
spaces as micro-cool islands 
where 'everyone can play'  
(everyonecanplay.nsw.gov.au).
III. The UHIE is especially strong 
during the evening and night when 
temperatures in urban space remain 
high, not permitting local populations 
to recover sufficiently from heat 
stress during the day. The new Cool 
Zones and other green spaces could 
be activated for nighttime activities, 
inviting the public to cool down. 
Such activation could also include 
extending the operating hours of 
splash parks and public pools.
IV. Trees do help to cool down 
Cumberland. Although tree canopy 
is generally low across the LGA, 
it is recommended to commence 
planting new trees in suburbs that 
show the highest mean summer 
temperatures – especially Merrylands, 
Granville and Wentworthville.
V. As shown in Chapter 4.6, the cooling 
capacity of trees varies. Selection 
of trees to increase urban canopy 
cover should take these findings into 
account.
VI. Statistical analysis revealed that 
the largest temperature reductions 
could be generated when short 
trees (<10m tall) become medium 
height trees (10-20m). This finding 
should encourage managers of green 
infrastructure to develop strategies 
how to promote tree growth of young 
trees already growing across the LGA. 
Strategies could include irrigation 
and fertilization and engineering 
solutions to harvest rain water.
VII. Heat maps presented here identify 
hot spots across the LGA. This 
information can be cross-linked with 
census data (e.g. age - the risk of 
heat-induced illness increases with 
age) to develop a Heat Vulnerability 
Index of local communities. This index 
should be shared with emergency 
services to reduce response time to 
incidences during heatwaves.
VIII. The novel microclimate maps are 
ideal to communicate heat to 
the public. Council can produce 
promotional materials that inform 
communities of Cumberland about 
the exposure to heat, related health 
risks and strategies to keep cool 
(including Cool Zones).
IX. Mitigating urban heat is complex and 
cannot be achieved single-handedly. 
To maximise the success of cooling 
interventions, Cumberland Council 
can form a Heat Task Force. This new 
unit can connect relevant teams, units 
and offices to oversee the successful 
implementation of cooling strategies 
and coordinate relevant staff and 
budget resources. 
X. Additional recommendations, actions 
and targets to cool down Cumberland 
can be drawn from the WSROC Turn 
Down the Heat - Strategy and Action 
Plan (https://wsroc.com.au/projects/
project-turn-down-the-heat) and the 
Guide to Urban Cooling Strategies 
(http://www.lowcarbonlivingcrc.com.
au/sites/all/files/publications_file_
attachments/rp2024_guide_to_
urban_cooling_strategies_2017_web.
pdf) developed by the Corporate 
Research Centre for Low Carbon 
Living.
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6. RECOMMENDATIONS
Playgrounds and parks can become Cumberland's Cool Zones.
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APPENDIX
Complete list of measurement locations, their physical address, geographic location, and species, 
height and canopy density of trees at each location. Note, locations are listed according to council area 
and suburb. Temperature data represent mean and absolute maximum and minimum values measured 
between 20 December 2018 and 28 February 2019.
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Cumberland Council Sites
1 Sheffield St Auburn -33.84700 151.02560 24.8 40.9 12.3 Lophostemon 
confertus
Queensland 
brushbox
<10 medium
2 Macquarie Road Auburn -33.84850 151.03420 24.8 40.9 14.6 Ulmus parvifolia chinese elm <10 high
3 Town Hall Ln Auburn -33.85260 151.03340 24.8 39.9 14.5 Platanus plane tree 10 to 20 high
4 Auburn Bot. Gardens Auburn -33.85830 151.01720 24.3 41.1 12.7 Eucalyptus gumtree 10 to 20 low
5 Auburn Bot. Gardens Auburn -33.85840 151.01750 23.8 39.2 12.9 Liquidambar 
styraciflua
sweetgum 10 to 20 high
6 Killeen St Auburn -33.86230 151.01500 24.0 39.6 12.0 Eucalyptus gumtree >20 medium
7 Park Rd Auburn -33.86250 151.02770 24.4 40.9 12.7 Callistemon bottlebrush <10 high
8 Princes Rd West Auburn -33.87494 151.01350 24.2 41.3 11.6 Eucalyptus gumtree >20 medium
9 Tilba Street Berala -33.86876 151.03186 24.7 40.1 13.3 Lophostemon 
confertus
Queensland 
brushbox
10 to 20 medium
10 Third Ave Berala -33.87444 151.03501 24.8 41.9 13.1 Lophostemon 
confertus
Queensland 
brushbox
<10 medium
11 Sixth Ave Berala -33.87823 151.03130 24.8 40.7 13.7 Acmena smithii lilly pilly 10 to 20 high
12 Miller Rd Chester Hill -33.87380 150.99370 25.2 42.6 13.9 Callistemon bottlebrush <10 low
13 Everley Rd Chester Hill -33.87040 151.01120 24.1 40.7 11.3 Melaleuca 
quinquenervia
broad-leaved 
paperbark
<10 medium
14 Boundary Rd Chester Hill -33.87420 151.00760 24.9 42.0 13.5 Callistemon bottlebrush <10 medium
15 Sardan Cres Fairfield -33.86240 150.95780 24.6 42.8 12.5 Callistemon bottlebrush 10 to 20 medium
16 Myddleton Ave Fairfield -33.86180 150.94970 24.7 41.8 13.5 Callistemon bottlebrush <10 low
17 The Cres Fairfield -33.87310 150.95560 25.0 41.6 13.4 Pyrus pear tree <10 low
18 The Horsley Dr Fairfield -33.87450 150.96530 24.8 42.0 12.5 Paulownia 
tormetosa
Princess tree <10 low
19 Oramzi Rd Girraween -33.79500 150.94199 24.9 40.2 13.4 Eucalyptus gumtree >20 medium
20 Carinya Rd Girraween -33.79733 150.95004 25.0 41.9 12.4 Jacaranda jacaranda <10 low
21 Hazel St Girraween -33.80758 150.94425 24.7 41.0 13.3 Eucalyptus gumtree 10 to 20 medium
22 The Avenue Granville -33.83430 151.00690 25.4 41.8 14.3 Callistemon bottlebrush <10 medium
23 Glen St Granville -33.83690 151.00950 24.8 42.2 12.6 Eucalyptus gumtree <10 medium
24 South St Granville -33.83360 151.01110 25.4 41.5 15.0 Eucalyptus gumtree >20 medium
25 Factory St Granville -33.83660 151.01630 25.2 43.1 14.5 Melaleuca 
quinquenervia
broad-leaved 
paperbark
<10 low
26 The Trongate Granville -33.84590 151.01130 25.9 41.3 14.0 Callistemon bottlebrush <10 medium
27 Bathurst St Greystanes -33.81420 150.94030 24.7 41.0 13.4 unknown unknown <10 High
28 Kootingal St Greystanes -33.82140 150.94700 24.5 42.6 12.2 Corymbia 
maculata
spotted gum <10 low
29 Taylor St Greystanes -33.83080 150.94100 24.6 42.0 13.3 Callistemon bottlebrush <10 high
30 Roland St Greystanes -33.83130 150.95140 24.9 41.5 13.4 Corymbia 
maculata
spotted gum 10 to 20 medium
31 Marian St Guildford -33.84960 150.98980 24.9 42.2 13.2 Callistemon bottlebrush <10 low
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32 Guildford Rd Guildford -33.85680 151.00200 24.1 39.1 12.5 Araucaria monkey 
puzzle
10 to 20 high
33 Pioneer Res., Campbell 
Hill Rd
Guildford -33.86910 151.00130 24.4 42.6 11.4 Eucalyptus gumtree 10 to 20 low
34 King St Guildford West -33.84590 150.96320 24.5 41.9 12.4 Callistemon bottlebrush <10 low
35 Hunt St Guildford West -33.85260 150.96510 24.4 40.8 12.6 Eucalyptus gumtree 10 to 20 medium
36 Allison Rd Guildford West -33.85770 150.97910 24.4 40.2 12.3 Casuarina ironwood >20 low
37 Holroyd Gardens, Walpole 
St
Holroyd -33.83050 150.99520 25.6 44.8 12.9 Schinus molle peppercorn <10 low
38 Auburn Basketball Centre, 
Wyatt Park carpark
Lidcombe -33.85470 151.04040 24.7 45.2 12.9 Eucalyptus gumtree <10 low
39 John St Lidcombe -33.86200 151.04470 25.1 41.2 14.7 Ulmus parvifolia Chinese elm <10 medium
40 Livingstone Rd Lidcombe -33.86200 151.03860 25.0 43.3 12.6 Casuarina ironwood 10 to 20 low
41 Dalley St Lidcombe -33.86280 151.05280 24.3 39.8 13.2 Callistemon bottlebrush <10 high
42 Norman May Dr Lidcombe -33.87516 151.04605 24.4 40.1 13.1 Eucalyptus gumtree <10 low
43 Cobden Parkes Cres Lidcombe -33.88054 151.04505 24.8 42.1 13.8 Eucalyptus gumtree <10 medium
44 Margaret St Merrylands -33.82290 150.98490 24.3 39.9 12.4 Eucalyptus gumtree >20 medium
45 Central Gardens, 
Merrylands Rd
Merrylands -33.83110 150.96160 24.4 41.5 12.3 Eucalyptus gumtree <10 low
46 Mills St Merrylands -33.82960 150.97020 25.3 44.5 13.2 Callistemon bottlebrush <10 medium
47 Dan St Merrylands -33.83020 150.97710 25.0 41.3 13.1 Callistemon bottlebrush <10 low
48 Memorial Ave Merrylands -33.83780 150.98890 25.7 42.8 14.3 Eucalyptus gumtree <10 low
49 Manchester St Merrylands -33.83110 150.98860 25.4 42.4 13.8 Jacaranda jacaranda <10 low
50 Harris St Merrylands -33.84420 150.97730 24.7 42.4 12.4 Liquidambar 
styraciflua
sweetgum <10 medium
51 Walker St Merrylands -33.84260 150.98820 24.6 40.3 13.8 Lophostemon 
confertus
Queensland 
brushbox
<10 low
52 Highland St Merrylands -33.84830 150.99480 25.2 41.8 12.7 Eucalyptus gumtree 10 to 20 low
53 Wanda St Merrylands 
West
-33.83870 150.97300 24.5 40.5 12.0 Eucalyptus gumtree 10 to 20 low
54 Broughton St Old Guildford -33.86230 150.98450 24.9 42.0 12.8 Lophostemon 
confertus
Queensland 
brushbox
10 to 20 low
55 Foundation Pl Pemulwuy -33.81240 150.92370 24.8 43.3 13.1 Eucalyptus gumtree 10 to 20 medium
56 Newport St Pemulwuy -33.81880 150.93200 25.1 42.2 13.9 Eucalyptus red ironbark 10 to 20 medium
57 Bulbi St Pemulwuy -33.81470 150.93050 25.1 43.1 13.1 Eucalyptus red ironbark 10 to 20 medium
58 Prospect Hwy and Bellevue 
Circuit
Pemulwuy -33.82320 150.91820 24.9 42.0 13.5 Eucalyptus gumtree <10 low
59 Watkin Tench Parade Pemulwuy -33.82280 150.92990 24.8 42.0 13.1 Lophostemon 
confertus
Queensland 
brushbox
10 to 20 High
60 Stapleton St Pendle Hill -33.80379 150.95880 25.1 41.9 14.0 Gleditsia 
triacanthos
honey locust 10 to 20 high
61 Cricketers Arms Rd Prospect -33.80686 151.90260 25.0 43.8 13.3 Acer maple 10 to 20 high
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62 A Campbell Res. off WL 
Lawson Dr
Prospect -33.81332 150.91481 24.6 42.1 12.9 Eucalyptus cider gum 10 to 20 medium
63 Picnic area off William 
Lawson Dr
Prospect -33.82717 150.90904 24.6 41.0 12.6 Eucalyptus gumtree >20 low
64 Smith St Regents Park -33.88622 151.34890 23.8 40.2 12.4 Eucalyptus gumtree >20 medium
65 Haslem Dr Rookwood -33.87006 151.05567 24.2 40.5 12.6 Araucaria 
heterophylla
Norfolk Island 
pine
<10 low
66 Memorial Ave Rookwood -33.87006 151.05567 24.2 40.6 13.5 Eucalyptus iron bark 10 to 20 medium
67 Hyland Rd Smithfield -33.83330 150.92050 24.9 44.8 11.9 Eucalyptus gumtree <10 low
68 Market St Smithfield -33.84600 150.93340 24.3 40.0 11.9 Eucalyptus eucalypt >20 medium
69 Tait St Smithfield -33.84550 150.94380 24.8 41.5 13.3 Eucalyptus eucalypt 10 to 20 low
70 Cnr Blaxcell St/Rawson Rd South Granville -33.86320 151.00620 25.0 41.3 13.3 Callistemon bottlebrush <10 high
71 Monterey St South 
Wentworthville
-33.82230 150.97020 24.7 40.9 12.7 Melaleuca 
quinquenervia
broad-leaved 
paperbark
10 to 20 medium
72 Portico Pde Toongabbie -33.78764 150.95088 24.7 39.8 13.3 Syzygium smithii lilly pilly >20 high
73 Oklahoma Ave Toongabbie -33.79899 150.93558 24.3 40.6 12.0 Callistemon bottlebrush 10 to 20 medium
74 Toongabbie Rd Toongabbie -33.80496 151.93573 24.4 41.0 12.0 Callistemon bottlebrush <10 medium
75 Dunmore St Wentworthville -33.80771 150.97102 25.6 43.8 14.4 Acer negundo boxelder 
maple
<10 high
76 Great Western Hwy Wentworthville -33.81485 150.96727 25.1 43.8 13.3 unknown unknown <10 HIGH
77 Irwin Pl Wentworthville -33.81537 150.97271 25.2 43.3 12.7 Callistemon bottlebrush <10 medium
78 Essington St Wentworthville -33.81567 150.97841 24.9 40.0 13.7 Castanospermum 
australe
blackbean <10 high
79 Ralph St Westmead -33.81360 150.98706 24.6 40.8 13.7 Callistemon bottlebrush <10 High
80 Davis Rd Wetherill Park -33.83690 150.90980 24.9 41.0 12.8 Eucalyptus gumtree 10 to 20 medium
81 Chifley St Wetherill Park -33.84660 150.92110 24.5 39.6 12.7 Jacaranda jacaranda <10 high
82 Martin Cres Woodpark -33.84020 150.96400 24.0 40.1 11.9 Robinia pseudo-
acacia
black locust <10 high
83 Yennora Ave Yennora -33.86160 150.97160 24.7 40.3 13.9 Melaleuca 
quinquenervia
broad-leaved 
paperbark
<10 medium
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Parramatta City Council locations
84 Caloola Rd Constitution 
Hill
-33.79783 150.96985 23.6 38.6 13.5 Fraxinus ash <10 high
85 Marlborough Rd Homebush 
West
-33.86115 151.06688 24.0 40.0 13.8 Acacia acacia 10 to 20 low
86 Institute Rd Westmead -33.80318 150.98459 24.8 39.9 13.4 N/A N/A N/A N/A
87 Owens Ave Newington -33.84535 151.05272 23.9 42.1 13.1 Eucalyptus gumtree <10 medium
88 Canarvon St Newington -33.83760 151.04173 24.6 40.3 14.7 N/A N/A N/A N/A
89 Cnr Mons Rd/ Briens Rd Northmead -33.79937 150.98247 24.6 42.0 12.6 Eucalyptus gumtree 10 to 20 low
90 Grand Pde Olympic Park -33.84523 151.06577 23.7 40.7 14.5 Eucalyptus gumtree <10 medium
91 Bennelong Pkwy Olympic Park -33.84608 151.07531 23.9 41.9 13.3 Casuarina ironwood 10 to 20 low
92 Marion St Parramatta -33.82090 151.00600 24.9 40.5 14.6 N/A N/A N/A N/A
93 Shirley St Rosehill -33.83033 151.02759 24.5 42.0 13.5 Casuarina ironwood 10 to 20 medium
94 Giffard St Silverwater -33.83084 151.04530 23.6 38.2 13.6 Eucalyptus gumtree 10 to 20 low
95 Fullagar Rd Wentworthville -33.81416 150.97216 24.7 41.9 12.9 Callistemon bottlebrush 10 to 20 medium
96 Church Av Westmead -33.81213 150.98313 24.7 41.1 13.3 Fraxinus ash <10 high
97 Amos St Westmead -33.81570 150.99415 23.9 43.0 14.0 Ficus Port Jackson 
fig
10 to 20 medium
Bayside Council locations
98 Spring St Arncliffe -33.94420 151.14510 23.8 40.5 14.9 Callistemon bottlebrush <10 medium
99 Wolli Cr Rd Banksia -33.94420 151.13450 23.8 38.5 16.0 Ficus fig tree 10 to 20 high
100 Bardwell Rd Bardwell Park -33.93480 151.12890 23.7 40.5 15.3 Lephostemon 
confertus
Queensland 
brushbox
<10 medium
101 Wazir St Bardwell Valley -33.93570 151.13780 24.1 42.5 14.6 Leptospermum teatree <10 medium
102 Stotts Res. Bexley North -33.93759 151.11770 23.4 39.4 14.6 Leptospremum lemon-
scented 
teatree
<10 medium
103 New Illawarra Rd near 
Heath St
Bexley North -33.94488 151.11368 24.0 41.0 15.1 Callistemon bottlebrush <10 medium
104 Bardwell Valley Parklands 
playground
Bexley North -33.94313 151.12473 23.6 39.2 15.1 Afrocarpus 
falcatus
yellowwood 10 to 20 high
105 Wolli St Kingsgrove -33.93920 151.10610 23.6 38.9 15.0 unknown unknown 10 to 20 high
106 Ann St Wolli Creek -33.93502 151.14865 23.7 39.1 16.6 Plumeria frangipani <10 low
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